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UNITED, STATES PATENT 
2,602,110 
TIME MEASURING APPARATUS 
$ohn Lloyd $ones, St., Henry, iii. 
.App!iction March 16, 1948, Serial No. 15,172 
16 Claires. (CI. 175--381) 
(Granted under the act of 1VLrch 3, 1883, as 
amended Aprfl 30, 1928; 370 O. G. 757) 

This invention relates to electrical mèasiring 
apparatus, and more particularly to thyratron 
control!ed apparatus especially suitable for meas- 
uring the rime intervals involved în the 0peration 
of electric detonators, for example, the rime 
tween the application of the potential and the 
bïeaking, of the detonator bridge, the rime bé 
tween the application of the firing potential and 
the explosion of the detonator, and the rime be- 
tween the breaking of the detonator bridge .and 
the explosion of the detonator. 
Prior art devices for measuring thé rime inter- 
va!s involved in the operaon of electric detona- 
tors bave a number of. disadvantages: for ex- 
ample, they aré inaccurate, and are in soe 
stances unable to distinguish between the bridge 
voire breaking rime and the explosion rime of' the 
deonator. -. 
In accordance with  the preferred embodiment 
of the instant invention, a cathode ray oscitio- 
scope having a Z-axis beam intensity control cir- 
cuit is emp!oyed in conjunction with a thyratron 
which Controls the current fiow through:the dèto- 
nator bridge. The use .of a thyratron ëliminateS 
the chatter usually intròduced by mecancal 
switching. A circuit is provided for makng a 
spiral trace on the oscilloscope,-and-having a 
switch assòciated therewith for starting the trace. 
A spiral tracé is employed because lb makes most 
eelent use of he ärea of the fluorescent screen, 
resu[ing in increased accuracy. The saine afore- 
lnentioned sWitch applies potential fo an I-C 
network, whlch, after the elapse of a Suitablè rime 
interval sufficient to permit the trace to .begi., 
rires  the thyratron and current begins fo flow 
throughthe detonator bridgewhichiS connected 
in series with the hyçatron anode-cathode-circi]it. 
The Z-axis control circuit of the amplifier S operl 
ativeiF connected to the: anode of thWthyratron, 
and the charfge in potential at the nodë when 
the tube ffres causes the t2ae to be dmiriïhed or 
increased in intensity according te thWairange 
merit of thé Z-axis control circuit, when t.iae 
detonator bridge breaks, current th.roùgli thë 
ïatron ceases, the an0desu/nes its 0rïginai po- 
tential, and the traceon the fluorescent Scree/a of 
the cahode-ray oseilloscoDe again Changes in 
tensity. If desired, means may be prvidd for 
photographing the trace on the Screen, or if dë  
sired a cathode-ray oscilloscope having a long 
persistence screen may be employed for povidlng 
a trace which bas sufficient persistence to permit 
the use of a protractor for measuring the rime 
intervals directy on the fluorescent screen. 
 In thé Operation of the apparatus, a wirê is 
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wraPped around th'ë detonator case, and is broken 
by the force of the detonator explosion. This wire 
is c0nnected in the I-L-C circuit which controls 
the spiral trace, and the breaking of the wire at 
5 the instant of the explosion causes the trace fo 
coHapse, thereby providing an indication of the 
instant of the explosion. 
One of he objects of the invention is fo provide 
new and improved apparatus for measuring the 
10 rime intervals involved in the operation of an 
electric detonator. 
Another object resides .in£he provision Of a new 
and. impr0ved circuit arrangement employing a 
gaseous electron discharge tube for measuring the 
15 rime between fhe breaking of an electroresponsive 
detonator bridge and the  explosion of the detona- 
for.  : 
Anoher object resides in the provision of a 
new and improved circuit arrangement for meas- 
0 uring rime intervals, in which the spiral trace of 
a Cathode-ray oscilloscopë is employed as the 
indicating means. 
Another object resides in the provision of a new 
and improved circuit arrangement for measuring 
@ the rime interval bétween the application of cur- 
rent to a detonator bridge and the explosion of 
the détonaOr. 
Another object resides in the provision of a 
new and improved circuit arrangement for meas- 
uring the tlme betwéen the application of Curren 
30 .fo a detonator bridge and the bréaking of the 
bridge. 
Sill another object is the provision of a new 
and improved circuit arrangement for accurately 
35 controlling and measuring the current applied to 
a detonator bridge. 
A further object-is to provide a new and im- 
proved circuit arrangement for utilizing a gaseous 
electron discharge tube in time-measùring ap- 
o0 paratus,  
Other ob]ects, adVntages, and improvements 
not speciflcally set forth hereinbefore will be aP- 
parent ,from a consideration oï the following 
spëcification when taken in conunction with the 
45 accompanying drawingS, in Wh,ich: 
Fig. i is a schematic diagram of a complote 
electrical system according to the preferred em- 
bodiment of the invention; 
Fig. 2 is a view of a typical test trace on the 
50 cathode-ray oscilloscope of Fig. 1 whm a sine 
wave is applied fo the Z«axis; and 
Figs. 3, 4, and 5 are views of typical spiral 
traces which a2e obtaired when utilizing the p- 
paratus for measuring detonator rime intervals. 
 Referririg now partiCularly t the drawings for 



3 
a more complete understanding of the invention, 
and more particularly fo Fig. 1 thereof, there is 
shown ai 25 a detonator bridge winding which, 
it is understood, is contained within the detonator 
9, in predetermined operative relation with re- 
spect to the explosive charge 8, and is adapted 
when heated to a predetermined temperature by 
the flow of current therethrough, to cause the 
explosion of the explosive charge. 
Winding 25 is connected in series with an 
ammeter 24 to the two center terminals of a 
double-pole double-throw switch designated by 
the reference numeral 23. The ammeter 24 may 
have any suitable full scale value, for example, 
150 mflliamperes. Connected to ammeter 24 is 
a single pole nine-position switch 6g. When the 
switch 6g is on the flrst contact as shown on the 
drawing, no circuit connection is made through 
the switch. When switch 6g is on the second 
contact, shunt resistor 67 is connected across the 
ammeter 24, increasing the full scale range 
thereof to any desired value, for example, fo 1.5 
amperes. When the switch 54 is on contacts 
3-9 inclusive, the ammeter 24 is shorted out of 
the circuit. 
The lower contacts of switch 23, as viewed in 
Fig. 1, are connected together, thereby providing 
a safety short circuit for the detonator bridge 
25 when the switch 23 is closed in this position. 
The left-hand one of the upper terminals of 
switch 23 is connected to terminal 20 which is 
connected to the negative side of a source of 
D. C. potential which may be of the order of 
110 volts. The right-hand one of the upper ter- 
minals of switch 23, as viewed in Fig. 1, is con- 
nected to the filament 3' of a gaseous triode 30, 
having in addition to the aforementioned fila- 
ment, a control grid 32, and an anode 3 l. Where- 
as any suitable gaseous triode may be used, in 
the embodiment herein described a tube known 
in the trade as a W. E. 323 A is preferred 
ïor this purpose. 
The filament is connected to the secondary 
35 of a filament heating transformer generally 
designated by the reference numeral 34 and 
having a primary 36 which is connected by suit- 
able leads to a source of energizing potential, 
not shown, for example, 110 v., A. C., 60 c. p. s. 
A capacitor 27, which may have a capacitance 
value of the order of 1 mfd., is connected between 
the grid 32 and filament 33 for purposes to be 
hereinafter more fully described. Also con- 
nected between the aforementioned grid and 
filament is a battery 29 which may supply a 
potential of the order of 45 volts connected in 
series with a flxed resistor 28 which may have 
a resistance value of 50 kilohms. 
A second double-pole double-throw switch 2! 
is also provided. The right-hand center post of 
switch 2, as viewed in Fig. 1, is connected by 
way of capacitor 22, which may have a value, 
for example, of 40 mfd., to the filament 33. The 
leït-hand center post of switch '2! is connected 
by way of capacitor 3, which may have a 
capacitance value of the order of 0.45 mfd., to 
the high potential post of the Y-input of a 
cathode-ray oscilloscope presently to be more 
fully described, and generally designatçd by the 
reference numeral !0.  
The lower left-hand terminal of switcl4 2! is 
connected to the aforementioned negative ter- 
minal 2), while the lower right-hand terminal 
of switch 2! is connected to capacitor 22 and 
filament 33. 
The upper left-hand terminal of switch 2! is 
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connected by way of resistor 5, which may have 
a value of 100 kilohms, inductor 4, which may 
have an inductance of 0.89 henries, and resistor 
! 2, which may have a value of 10 ohms, connected 
5 in series in the order named, to that terminal 
of capacitor 3 which is connected to the afore- 
mentioned high potential post of the Y axis 
circuit of oscilloscope @. 
The junction between resistor 12 and inductor 
10  is connected to ground ! and to one end of 
fuse 8 which bas the other end thereof con- 
nected to terminal 19 to which is connected the 
positive terminal of the aforementioned source 
of D. C. supply. A voltmeter 7 is provided for 
15 measuring the voltage across terminals  and 2. 
The junction between inductor 4 and resistor 
15 is connected to the high-potential post of the 
X-axis control circuit of the oscflloscope 10, both 
the low-potential posts of the X-axis and Y-axis 
2O control circuits being connected to ground. 
Across the aforementioned resistor 5 is con- 
nected the wire 5, which encircles the detonator 
case. The wire 5, which is of low resistance, 
effectively shorts resistor 5 until broken by the 
25 force of the detonator explosion. 
The upper right-hand terminal of switch 2, 
as viewed in Fig. 1, is connected by way of resistor 
26, which may be of the order of 50 ohms, to the 
control grid 32 of tube 3). 
30 The anode 3! of tube 3 is operatively con- 
nected by way of a resistance network to ground 
af  and positive terminal . When the thïee 
single-pole nine-position switches 51, 52, and 63 
are in the positions shown on the drawing, the 
35 path between anode and ground comprises the 
following, in the order named: resistor 58, which 
is preferably of 10 ohms, resistors 57-5 ! inclusive, 
which are each preferably of 10 ohms value, 
variable Æesistor 5, which is preferably of 500 
4o ohms value, and flxed resistor 4, which is prefer- 
ably of 500 ohms value. 
The aforementioned resistance network is pro- 
vided to permit a measured current flow through 
detonator bridge 25. Switches 6I, 62, and 63 are 
45 preferably ganged together and fo ammeter 
switch 64. 
When the switches are on their first contacts 
respectively as illustrated, resistor 49 is in cir- 
cuit, resistor 50 is in circuit, resistors 5-58 in- 
50 clusive are in circuit, and ammeter 2 is con- 
nected for use with its lower current scale value. 
When switches 6-6 are in engagement with 
their second contacts respectively, resistor 49 is 
cut out of the circuit, the test of the resistance 
55 remaining the same, and ammeter 24 is switched 
to its higher range. When the switches 5-64 
inclusive are on their third respective contacts, 
alnmeter 2 is shorted, and resistors 49--58 are 
short circuited and 5 is cut out of the circuit. 
60 Thereafter, additional movement of the switches 
cuts out the resistors 52-57 inclusive in suc- 
cession, until when the switches are on their 
ninth or last contacts, only resistor 58 remains 
connected in circuit. 
6 This switching arrangement provides a means 
for accurately determining the current and/or 
resistance in the detonator bridge circuit, it being 
understood that the resistance of tube 38, which 
may be considered infinite when the tube is not 
70 flred and the value of which may be readily as- 
certained when the tube is flred, is also in series 
with the detonator bridge winding 25. It is to be 
noted that the voltage drop across the thyratron 
38 is substantially independent of current flow 
7 only up to a certain point; at higher currents, 
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the relation between voltage drop and current 
within he tube must be known in order fo 
certain the effective resistance of the tube af 
the desired current. 
Comuected between anode 3! and grotmd is a 5 
second gasous triode tube 3, having the cathode 
4 thereof connected fo anode 3 and a control 
grid 40 connected by way of resistor 42 to cath- 
ode J, and having an anode 39 connected by way 
of resistor 43 fo ground J. Across anode 39 10 
and cathode  is co_unected the winding of a 
relay generally designated at 44, and which bas 
the contacts thereof connected fo electric rime 
measuring and recording apparatus, which may 
be of conventional design, and which is shown 15 
af 37. 
If is contemplated that a heater be provided 
for tube 38 having any convenient means con- 
nected thereto for energizing the heater. 
A connection is providd between anode 3! 0 
and the high potential tërminal of the Z-axis 
control circuit o oscilloscope , the low poten- 
tial terminal of the Z-axis control circuit being 
connected to ground 
The cathode-ray oscilloscope is preferably of 
a type known in the trade ás a "Dumont" type 
247. Whereas only the knob control 69 for the 
Z-axis amplifier or control circuit is shown,, with 
ifs accompanying scale 59, if is understood that 
the oscilloscope, in addition to the fluorescent 0 
screen 47, bas the usual or conventional focus, 
intensity, horizontal and vertical centering, 
axis gain, and X-axis gain controls. 
The Z-axis control circuit, as maybe noted 
from viewing Fig. 1, is adapted fo provide an in- 35 
crease in intensity upon either a negative-or 
positive potential being applied to the high po- 
tential terminal post Z, selectively in accordance 
with the position of knob .60, whether to the nega- 
tire or positive side of the zero position. The 40 
input arrangement of the Z-axis control circuit 
may be conventional and include a coupling ca- 
pacitor between the input terminal and the con- 
trol grid of an amplifier tube. 
The apparatus of the instant invention !s 45 
adapted fo test detonators, of a wide variety of 
types, and over a wide range of opm, ating .values. 
As is weil known fo those skilled in the .art, an 
electric detonator consists essentially of an ex« 
plosive charge, and a heater element or bridge 50 
winding dlsposed in predetermined operative re- 
lation to said charge and arrange d, when heated 
fo a predetermined temperature or above, to ex- 
plode the charge. If is characteristic of elec- 
tric detonators that if a small current is applied 55 
to the bridge Winding, suflicient heat may be 
generated to explode the charge belote the wire 
burns out, whereas iî a large current fiows 
through the winding, it may burn out before the 
charge explodes, which explosion will follow 60 
af ter a flnite interval of rime after the winding 
burns out as determined by the physical con- 
stants and characteristics of the apparatus. , If 
is apparent, therefore, that there are three im- 
portant rime Luterva!s in connection with elec- 6 
tric detonators which itis desirable fo measure 
a-s follows: 
(I) Ai low Currents, the interval between the 
initial application of the current and the ex- 
plosion, which causes the breaking of the bridge 70 
current; 
(2) Ai higher currents, the rime interval 
tween the initial application of the current and 
the burning out of the bridge; and 
(3) Ai these higher currents, the intervai 
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tween the bunLng oUt of the bridge and the ex- 
plosion of the dëtonator. 
The circuit of the apparatus bas been traced, 
and the operation thereof will be more clearly 
apparent as the description pr0ceeds. Assume 
by way of description that if is desired to meus- 
ure the rime interval between the application 
of a potential Which causes.a predetermined small 
detonator bridge current, and the explosion of 
the detonator Which causes the breaking of the 
bridge circuit and, of course, coincides there- 
With. 
Switches 2 ! and 23 are normally closed in their 
down positions. In such positions, bridge 2 is 
shorted; càPacitor 2 is shorted, and battery 
maintaLusthrough resistor  a negative charge 
on capacitor 27. suiïicient to maintain tube 30 in 
. a nonconducting condition. Capacitor 3 is 
fully charged through resistor  2 from the source 
of D. C. supply,  
Switches -t inclusive are set at their 
sired positions, ]or example, on their flrst con- 
tacts. 
Switch .23 is now thrown to its up position, 
Fig. 1, which connects the armmeter 24 and bridge 
winding 2 in series in the anode-cathode circuit 
of thyratron or gaseous tube 30. 
Switch 21 is now thrown fo its up position, and 
a closed circuit is completed from one terminal 
of capacitor 3 through switch i j, through the 
wire S encircling the detonator case which has 
resistor  connected in parallel therewith, 
through-inductor 4, through resistor 2, fo the 
other terminal of capacitor 3. This circuit, with 
its aforementioned connections to the X-axis and 
Y-axis circuits of oscilloscope | , provides a spiral 
trace on the fluorescent screen 47. The circuit 
operates in a conventional manner fo produce the 
spiral trace, and the operation thereof need not 
be described in detail, if being suflicient to note 
that the trace becomes of smaller diameter as the 
elapsed rime increases. 
With switch 2 ! closed in its up position, capaci- 
for 27 starts to discharge through resistor 2 into 
capacitor 22, which is very large in comparison 
with capacitor 27. Resistor 2 is very large with 
respect fo resistor 2. AccordLgly, after a rime 
intervàl of a length .determined by the circuit 
constants, the negative bias on grid 3 falls to a 
value which permits the tube to conduct. 
When the tube 30 becomes conducting, current 
flows therethrough from the D. C. source, and 
through wLuding , the amount of current de- 
pending upon the position of switches 
inclusive and the resistance of the detonator 
bridge. 
Belote the tube 30 starts to conduct, the anode 
thereof is at ground potential; at the moment 
the tube 3{} starts fo conduct, the anode becomes 
negative with respect to ground by an amount 
determined by the I. R, drop across resistors 
4-'$ inclusive, and this negative potential is 
applied to the Z-axis control circuit, and results 
in a decrease or increase in the intensity of the 
beam, as the case may be, depending upon the 
position of switch 
After a rime interval as determined by the 
physical characteristics of the detonator, the heat 
generated by the winding raises the temperature 
of the charge to the value at which the explosion 
takes place. The wire  is broken by the force 
of the explosion, which effectively places the high 
resistance  in circuit, which causes the spiral 
trace fo be discontinued. 
Reference is-made now to Fig. 3, in which is 
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shown the trace obtained under such a condition 
of operation. That portion of the trace between 
points B and C represents the rime interval be- 
tween the instant when switch 2 | is closed in its 
up position and the instant tube 3{} starts fo con- 5 
duct, which latter instant is also the instant of 
initial application of current to the detonator 
bridge. The portion of the curve between points 
C and D represents the rime interval between the 
application of current to the detonator and the l0 
explosion thereof. The elapsed rime may be cal- 
culated from the trace obtained, in a manner well 
known to those skilled in the art. 
Assume now by way of description that it is 
desired to test a detonator under higher current 15 
conditions in which the bridge winding breaks 
or burns out belote the explosion takes place. 
Assuming that capacitor | 3 bas been charged and 
capacitor 22 discharged by throwing switch 1 
to its down position, upon throwing switch 21 20 
to its up position, the spiral trace starts, at a 
moment indicated by the begirming of a trace at 
E in Fig. 4. After a rime interval, tube 30 rires 
at instant F on the trace. After a rime interval, 
the bridge burns out and the circuit through tube 25 
$0 is broken, whereby the anode 3 returns to 
zero potential with respect fo ground, at the in- 
stant G, Fig. 4. 
" As previously stated the circuit of the Z-axis 
control of oscilloscope I{} has capacity in series 
therein. The effect of this capacity is to provide 
a condition such that instead of the trace return- 
ing to its first condition, if is substantially 
"blacked out" until the input circuit of the Z 
axis amplifier returns fo ifs normal first condi- 35 
tion. This requires a rime indicated by the dis- 
tance between points G and H, Fig. 4. From I-I 
the trace resumes its normal intensity until the 
wire I breaks with the explosion, stopping the 
trace at J. 40 
It was noted that the trace of Fig. 4 disappears 
for a rime interval between G and H.. If the 
explosion had taken place during this interval, 
it would have been impossible fo determine the 
. point or instant at which the explosion took place. 45 
Where the rime interval between the breaking of 
the bridge and the explosion is brief, the Z-axis 
control knob 6f] is switched to ifs position of 
opposite potarity, and a trace such as that shown 
in Fig. 5 is obtained. In Fig. 5, M represents the 50 
beginning of the trace, N the moment when tube 
$0 starts to conduct and current is applied fo the 
detonator bridge winding, O the point in rime at 
which the bridge wire burns out, and P the in- 
stant of the explosion and the breaking of the 55 
wire |6 around the detonator case. 
.ït is noted that as a result of the tube charac- 
teristics the traces may tend fo become generally 
more intense as they move closer fo the center 
of the fluorescent screen, 60 
it will be understood by those skilled in the 
art that the frequency of the spiral trace is de- 
termined substantially by the L, C, and 1 con- 
stants of the circuit of elements 12, 13, and 14, 
the resistance of 16 being negligible, and may be 65 
calculated from the formula: 
 
Where C and L are the values of 13 and 14 re- 70 
specIvely, and lt is the total resistance of 12 and 
$. For examp]e, a convenient trace frequency 
is one making 250 revolutions per second. The 
values of the circuit constants may be conven- 
lençly adjusted fo desired values by applying a 75. 
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1,000 cps sine wave to the Z-axis amplifier and 
adjusting the spiral trace control circuit to pro- 
vide a pattern such as that shown in Fig. 2. 
Final adjustment consists in varying a con- 
venient constant, for example, the capacitance 
value of |3, until in the pattern of Fig. 2, the 
ends of the intensified portions are precisely 
aligned as indicated by radial lines 1 and S, it 
being understood that all the visible sections of 
the trace should be so aligned. 
It will be understood that, the frequency of the 
trace being known, the rime intervals between 
the various designated points on the traces may 
be readfly determined by use of a protractor or 
other suitable means. 
A supplementary measuring circuit including 
thyratron 38 and rimer 3 is provided for measur- 
ing longer rime intervals hot requiring the use 
of the cathode-ray oscilloscope. These long rime 
intervals are those in . .which low currents are ap- 
plied to the detonator, and in which the explosion 
rime corresponds to the bridge wire breaking 
rime. 
When current fiows through tube , a poten- 
tial difference is developed across winding of re- 
lay 44 through resistor 4, and the relay makes 
contact, initiating the operation of the rimer 3. 
When the tube {} ceases fo conduct the winding 
of relay 4 is deenergized, and the contacts there- 
of broken, spping the rimer. The thyratron 33 
is provided for increasing the speed of relay oper- 
ation on the make thereof. If permits the use of 
a relay winding of low resistance, which has a 
heavy initial current flow therethrough. After a 
moment, as determined by the circuit constants, 
interelectrode capacity and ionization time of 
tube 8, the tube rires, placing a low resistance 
across the winding of 44, and preventing if from 
being damaged by a continuous heavy current 
fiow therethrough. 
Although the invention bas been described in 
detail with particular reference to measuring the 
time intervals of an electrical detonator, it is hot 
so limited as the apparatus embodying the inven- 
tion is also well adapted to measure rime inter- 
vals between the interruptions of any two circuits, 
if being merely necessary to connect the first one 
of said circuits fo be interrupted in lieu of wind- 
ing 2 and the second one of said circuits in lieu 
of wire | 6, Fig. 1. 
The rime interval between the closings of two 
circuits may also be measured in accordance with 
the present invention, by connecting the first of 
the circuits to be neasured in place of winding 
|, and the second circuit in place of winding 25. 
When so employed, switch 2 is closed in its up 
position, and switch 21 is next closed in ifs up 
position. The closing oî the first circuit under 
measurement starts the trace, and the closing of 
the second circuit to be measured modulates the 
intensity of the trace, if being assumed that suffi- 
cient rime bas elapsed since the 1. C. circuit of 
2--26 was closed by switch 21 to allow tube $ 
fo conduct. 
Whereas the invention bas been shown and de- 
scribed with reference to a particular embodi- 
ment thereof which gives satisfactory results, it 
will be apparent to those sMlled in the art, after 
understanding the invention, that various 
-changes and modifications may be ruade with- 
out departing from the spirit or scope of the in- 
vention, and it is therefore intended, in the 
claims appended hereto, to include ail such 
changes and modifications. 
This invention may be manufgctured and used 
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by or for the Government of the United States 
America for governmental purposes without the 
payment of any royalties thereon or therefor. 
What is claimed as new and desired tobe 
cured by Letters Patent of the United States is: 
1. In apparatus of the character disclosed for 
measuring the rime interval between the initial 
application of current to a detonator bridge wind- 
ing and explosion of said detonator, in combina- 
tion, a resistance network, a normally non,on- 
du,ring gaseous electron discharge tube having 
an anode, control grid, and cathode, a source of 
D. C. potential, circuit means Conne,ring said re- 
sistance network, the anode-cathode path of said 
tube, and said bridge winding all in series across 
said source of potential, a cathode-ray oscillo- 
scope having intensity control means, means con- 
nected to said oscilloscope forproducing a spiral 
trace on the fluorescent screen thereof, switching 
means associated with said last-named meàns for 
initiating said trace, a flrst capacitor connected 
between said grid and cathode, a second source 
of potential and a resistor connected in series be- 
tween said cathode and grid, said second source 
of potentlal supplying a bias to said gri which 
normally maintains said tube in nonconducting 
condition, discharge resistance circuit means as- 
sociated-with said control grid and with said 
switching means for reducing said bias a prede- 
termined time interval after the beginning of said 
trace to a value whereat said tube is rendered 
conducting, an intensity control connection 
tween said tube and sai cathode-ray oscflloscope, 
said oscflloscope being constructed and arranged 
to have the intensity of the beam thereof varied 
in response to variations in the potential at said 
cmmection, the beginning of the fiow of current 
in said tube causing a change in the intensity of 
said beam, and shock actuated circuit irterrupt- 
ing means operatively c0nnected to said trace 
producing means and to said detonator for in- 
terrupting said trace at the moment of the ex- 
plosion of said detonator. 
2. In apparatus of the character disclosed for 
measuring the rime interval between the initial 
application of current to a det0nator bridge 
winding and the explosion of the detonator, in 
combination, a normalIy nonconducting gaseous 
electron discharge tube having an anode, con- 
trol grid, and cathode, a resistance network, a 
som:ce of D. C. potential, circuit means connect: 
ing saisi resistance network, the anode-cathode 
path of said tube, and said detonator bridge 
winding, áll in serieS across said source of po- 
tential, means for rendering said tube conduct- 
ing thereby to start the flow o current through 
said detonator bridge, relay means connected 
across said resistance network and adapted to 
be. energized by the potential di.fference there- 
across hen current fiows in said tube, and 
.means peratively connected to .said relay means 
for measuring and recording tle period of con- 
duction of said tube, said bridge winding being 
broken by the force of the explosion, said wind- 
ing when broken interruptin2 the flow of cur- 
rent through said tube and reducing the po- 
tential difference across said resistance net- 
work to zero, said relay bein2 substantially 
simultaneously deenergized at the instant the 
potential across said network falls to zero, the 
deenergization of said relay stopping the opera- 
tion of said measurin2" and recording means. 
3. Apparatus according to claim 2 includin2 
in addition a second gaseous electro.n discharge 
tube having an anode, control grid,and cathode, 
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the anode and cathode of said second tube be- 
lng connected to:the ends of said rëlay winding 
respectively said control grid being operativety 
connected to the cathode thereof, said second 
5 tube when fired shunting said relay winding suf- 
ficiently to decrease the current fiow there- 
through to, a low .value and. without releasing 
the relay. 
4. Apparatus acc0rding fo claim 2 wherein said 
l0 resistance network is additionally characterized 
as being variable and including means for ad- 
justing the current through said detonator bridge 
winding, and having means connected in circuit 
with said detonator bridge winding to indicate 
15 the value of current fiowing therethrough. 
5. Apparatus of the character disclosed for 
measuring the rime interval between the applica- 
tion of-a burn out current to a burnable deto- 
nator bridge winding under test and the burning 
20 out of the winding by said current comprising, 
in combination, a gaseous electron discharge 
vice having an anode, a cathode, and a control 
grid, a .source of D. C. potential sufficient to 
cause said burn out current to flow through said 
25 winding when the winding is connected there- 
across, a circuit for connecting the anode-cath- 
odepath of said discharge device and the wind- 
ing under test in series across said D. C. source, 
a condenser connected between said grid and 
30 cathode, a battery and a resistance connected 
in series across said condenser for charging sgid 
condenser to a bias voltage effective to tender 
said discharge devi-ce nonconducting, an 1. C. cir- 
cuit and an initially open Switch serially con- 
5 nected acrOss said condenser for discharging the 
condenser suiïiciently to tender said discharge 
device conducting after said switch is closed and 
until the winding burns out, variable resistance 
means included in said first'named circuit and 
40 connected fo said anode for adjusting the dis- 
charge current in the circuit to the value of said 
burn out current, an electroresponsive rimer, 
and a circuit including anelectrical comection 
between one-electrode of said tube and said rimer 
45 for operating the timer in response to the volt- 
" gge onsaid electrode while said burn out current 
fl0ws through the.discharge device. 
6. Apparatus of the character disclosed for 
measuring the rime interval between the applica- 
50 tiorï of a burn out current to a burnable deto- 
nator bridge winding under test and the burning 
out Of the winding by said current comprising, 
inc combination, an electron discharge device, a 
source-of D. C. potential, a circuit connecting the 
55 main discharge path of said discharge device and 
said winding in series across said D..C. source, 
variable resistance means in saidcircuit for 
justing the current fiow therein to the value of 
said burn out current when the discharge 
60 vice is rendered conducting, bias-means for in- 
itially rendering said discharge device noncon- 
ducting, means including a switch for decreas- 
ing the bias effected by said bias means when 
the switch is closed thereby to render the dis- 
5 charge device conducting until the circuit is 
terrupted as the winding burns out, and an elec 
troresponsive timer Connected to said variable 
resistance means and operable in response to the 
voltage devel0ped thereacross while said burn out 
0 current flows through said discharge device. 
7. Apparatus of the character disclosed for 
measuring the rime between the application of 
a burn out current to a burnable detonator 
bridge windinu .under test and the burning out 
"5 of the winding by said current, comprising, in 
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cornbination, a source of D. C. potential suf- 
ficient te cause said current te flow through said 
winding when the winding is connected there- 
across a trigger tube including a control grid, 
a circuit for connecting the main discharge path 
of said tube in series with. said winding across 
Said D. C. source, bias means connected te said 
control grid for applying a bias voltage thereto 
sufficient te tender said tube initially noncon- 
ducting, a circuit including a switch and said 
bias means and effective when the switch is 
closed te reduce said bias voltage sufficiently te 
tender said tube conducting until said winding 
burns out, and an electroresponsive interval in- 
dicating means operatively connected te said 
series circuit for indicating the duration of said 
flow. 
8. In apparatus of the character disclosed for 
measuring the rime interval between the initial 
application of a firing current te a detonator 
bridge winding and explosion of the detonator, 
in combination, a resistance network, a normally 
nonconductively biased gaseous electron dis- 
charge tube having an anode, control grid, and 
cathode, a source of D. C. potential, switch 
means, a resistance-capacitance discharge cir- 
cuit, means connecting said deonator bridge 
winding, said resistance network, and the cath- 
ode-anode path of said tube in series across the 
source of D. C. potential, a cathode-ray oscil- 
loscope, means including a low resistance path 
connected te said oscilloscope for producing a 
spiral trace on the fluorescent screen there}f, 
circuit means for initiating operation of said 
spiral trace means upon the actuation of said 
switch means, circuit means foroperatively con- 
necting said resistance-capacitnce discharge 
circuit te said control grid upon actuation of 
said switch means, said operatively connected 
discharge circuit being effective te make said tube 
conductively biased, means for controlling the 
intensity of the cathode-ray beam in accordance 
with the amplitude of a control potential applied 
thereto, a connection between said discharge 
tube and said last named means for applying 
said control potential thereto, and means as- 
sociated with the detonator for interrupting said 
low resistance .path af the moment of the ex- 
plosion of said detonator te interrupt said trace. 
9. In apparatus of the character disclosed for 
 measuring the rime interval between the initial 
application of a flring current te a detonator 
.bridge winding and the breaking of the detona- 
ter bridge winding, in combination, .a source of 
D. C. potential, switch means, a resistance-ca- 
pacitance discharge circuit, a resistance netwo}k, 
a normally nonconductively biased gaseous elec- 
tron discharge tube having an anode, control 
grid, and cathode, a circuit connecting said re- 
sistance network, the anode-cathode path of said 
tube and said bridge winding in series acr0ss 
said source of potential, a cathode-ray oscillo- 
scope, means connected te said oscilloscope for 
producing a spiral trace on the fluorescent screen 
thereof, circuit means for initiating said spiral 
trace means upon the actuation of said switch 
means, circuit means for operatively connecting 
.said resistance-capacitance discharge circuit te 
said control grid upon actuation of said switch 
means, said operatively connected discharge cir- 
cuit being effective te make said tube conduc- 
tively biased, means for controlling the intensity 
of the cathode-ray beam in accordance with the 
amplitude of a control potential applied thereto. 
and an intensity control connection between said 
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Series circuit and skid last named means for 
p]ying said contro] potentia] thereto. 
10. An apparatus for measuring the interval 
betweën he breaking of a first circuit and a 
5 breaking of a second circuit and comprising, in 
combination, a norma!ly nonconductively biased 
electron dischargetube havingan anode, con- 
trol grid, and cathode; a source of D. C. potential, 
switch means, a resistance-capacitance discharge 
l0 circuit, means connecting the anode-cathode path 
of said tube, said source of D. C. potential, and 
the first circuit in series, a cathode-ray oscil- 
loscope, means including said second circuit and 
a low resistance path connected te said oscil- 
15 loscope for producing a spiral trace on the 
fluorescent screen thereof, circuit means for 
initiating the operation of said spiral trace means 
on the actuation of said switch means, circuit 
means for operatively connecting said resistance- 
20 capacitance discharge cil'cuit te said control 
grid upon actuation of said switch means, said 
operatively connected discharge circuit being ef- 
fective te make .said tube conductive]y biased, 
means for Controlling the intensity of the cath- 
25 ode-ray beam in accordance with the amplitude 
of a control potential, an operative connection 
between said discharge tube and said last named 
means for applying said control potential there- 
te, said second circuit being connected in said 
30. low resistance path and adapted when broken 
te interrupt said trace. 
ii. Time interval measuring apparatus of thc 
character disclosed comprising, in combination, 
a normally nonconductively biased gaseous elec- 
35 tron discharge tube having an anode, control 
grid, andcathode, a source of D. C. potental, a 
resistance-capacitance discharge circuit ïor ren- 
deçing said tube conducting when operatively 
connected te said grid, switch means for oper- 
4O atively connecting said discharge circuit te the 
grid, a first circuit adapted te be broken, means 
connecting the cathode-anode path of said tube 
and said flrst circuit in series across said source 
of potentiai, the breaking of said fa'st circuit re- 
moving the potential frein said gaseous discharge 
45 tube, a cathode-ray oscilloscope, means including 
a low resistance path connected te said oscille- 
scope, means ior producing a spiral trace on the 
fluorescent screen thereof, a second circuit 
adapted te be broken and included in said low 
50 resistance path for interrupting said trace as 
the circuit is broken, means for controlling thc 
intensity of the cathode-ray beam in accordance 
with a control potential app!ied te the oscillo- 
scope, means including an operative connection 
55 between said dicharge tube and said intensit,v 
control means for applying said control potentia! 
t0 the cath0de-ray oscilioscope for increasing 
the intensity of the beam of said oscilloscope 
while current is fiowing in said tube and thee- 
60 after decreasing the intensity of said beam when 
current ceases te flow in said tube, and circuit 
means for initiating said spiral trace means upon 
the actuation of said switch means. 
12. A device accordin2 te cla.im 8 wherein said 
'5 resistance network.includes variable resistl;nce 
means and further charactrized by the provision 
of current indicaîing means connected in series 
with said resitance network for indicatinç tl]e 
value of said firing current. 
W0 13. Apparatus according te claire 12 incuding 
in addition means operativel cennected te sid 
variable resistance means and te said current 
dicating means for selectively var;«ing the rane 
of the indicating means in a¢cordance with the 
ï reitance value oï said variable.reiStance means. 
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14. In apparatus of the characteï disclosed for 
timing the inteïval between the initiation of a 
current and a subsequent event resulting there- 
from and the duration of said cuïrent flow, in 
combination, a resistnce network, a switch, a 
normally nonconductively biased gaseous electron 
discharge tube having an anode, control grid, and 
cathode, a source of D. C. potential for supply-. 
ing said current, an impedance, means connect- 
ing said impedance, said resistance network, and 10 
the anode-cathode path of said tube in series cir- 
cuit across said D. C. potential as a path for said 
current, a discharge circuit adapted to reduce the 
bias on said tube at a predetermined rate upon 
connection to said grid, said tube being rendered 15 
conducting upon suiïicient decrease in said bas 
at an instant corresponding to said initiation of 
flow of said current, a cathode-ray oscilloscoPe, 
initially unoperated single sweep spiral trace 
means connected to said cathode-ray oscilloscope 20 
circuit, circuit means including said switch for 
initiating said spiral trace and said bias reduction 
upon actuation of said switch, means for con- 
trolling the intensity of the cathode-ray beam of 
the oscilloscope in accordance with a control po- 25 
tential applied thereto, a pair of leads opera- 
tively connecting said intensity control means 
across said impedance in said series circuit to 
supply a predetermined value of said control po- 
tential upon initiation of said current whereby 30 
said intensity is changed during said current flow 
to indi.cate the duration thereof, and interrupt- 
ing means actuable upon the occurrence of said 
event for discontinuing operation of said trace 
means thereby to provide a measure of said rime 35 
interval betwemoE the initiation of said current . 
and the actuation of said event. 
i5. In apparat-us of the character disclosed for 
measuring the rime interval between the burning 
out of a detonator bridge in response to current 40 
flow therethrough and the explosion of said deto- 
nator, in combination, a normally nonconducting 
gaseous electron discharge tube having an anode, 
control grid, and cathode, a source of D. C. po- 
tential, circuit means connecting the cathode- 45 
anode path oï said tube and said detonator bridge 
in series across said source of potential, a cath- 
ode-ray oscflloscope having an intensity control 
input terminal, means including a shock actuated 
circuit interrupter and operatively connected to 50 
said cathode-ray oscilloscope for producing a 
spiral trace on the fluorescent screen thereof, 
means for initiating said trace, circuit means for 
initiating conduction in said tube subsequent to 
the initiation of said trace, the firing of said tube 55 
initiating the flow of said current throuh said 
bridge winding, an operative connection between 
an impedance point in said series circuit inter- 
mediate said D. C. potential source and said cath- 
ode-ray oscilloscope intensity control input ter- 60 
minal, said cathode-ray oscflloscope being con- 
structed and arranged to have he intensity of the 
beam thereof varied in response to variations in 
the potential at said impedance point, the initia- 
tion of current fiow through said tube and said 65 
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winding changing the potential at said point 
thereby to change the intensity of said beam, the 
discontinuance of current through said tube when 
said winding is burned out causing a second 
5 change in the potential at said point and the in- 
tensity of said beam, said circuit interrupteï being 
associated with.said detonator and effective to 
interrupt said trace at the instant of the explosion 
of said detonator. 
i6. In appafatus of the character disclosed for 
measuring thë rime interval between the initial 
application of current to a detonator bridge wind- 
ing and the burning out of said winding as 
result of current flow therethrough, in combina- 
tion, a detonator bridge winding, a cathode-ray  
oscflloscope for measuring and recording short 
conduction periods through said bridge winding, 
said cathode-ray oscilloscope having potential 
controlled intensity varying means, a flrst nor- 
mally non-conducting gaseous electron discharge 
tube having an anode, control grid, and cathode, 
a bias reduction means connected to said flrst diS- 
charge tube control rid, a source of D. C. po- 
tential, circuit means connecting the cathode- 
anode path of said first tube and said detonator 
bridge in series across said source of potential, a 
second normally non-conducting gaseous elec- 
tron discharge tube having an anode, control grid, 
and cathode, said second tube connected in series 
with the cathode-anode path of said first tube 
and said source of D.C. potential, rime interval 
measuring and recording means connected to said 
second tube and energized upon conduction 
through said second tube for measuring and 
cordin long periods of conduction throuh said 
bridge windin, means connected to said flrst and 
second discharge tubes and to said cathode ray 
oscflloscope for producing an aperiodic spiral 
trace on said oscilloscope screen during periods of 
conduction through said discharge tubes, man- 
ually operated means for controlling said bias re- 
duction means thereby initiating current flow 
through said flrst and second discharge tubes, 
said trace producing means and said detonator 
bridge winding, said oscflloscope and said rime 
interval measurin and recording means being 
simultaneously actuated upon conduction through 
said tubes and said bridge winding. 
JOHN LLOYD JONES, J. 
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